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We set out to explore the hypothesis that glycine attenuates non-alcoholic
steatohepatitis (NASH) in rats and the possible mechanism by which is it does. Male
Sprague-Dawley (SD) rats were fed a diet containing high fat and high sucrose (HSHF)
for 24 weeks to induce NASH. Blood and liver tissues were sampled at selected time
points throughout the study. Compared with control animals, the content of alanine
transaminase (ALT), triglycerides (TGs), and free fatty acids (FFAs) in plasma and the
TG and FFA content in the liver was increased from week 4 to 24. The level of TNF,
and MCP-1 in plasma, the content of TNF,in the liver, the insulin resistance index,
inflammatory cell infiltration, hepatocyte apoptosis, reactive oxygen species (ROS)
generation, and endoplasmic stress-associated protein expression were unaltered
at 4 weeks. However, these levels were significantly elevated in HSHF fed rats at
12 weeks. At the same time, the level of endotoxin progressively increased from
0.08 + 0.02 endotoxin EU/ml at week 4 to 0.7 + 0.19 EU/ml at week 24. Moreover,
these rats had elevated blood endotoxin levels, which were positively associated with
their NASH indexes. Liver histology progressively worsened over the course of the
study. However, we found that with concomitant treatment with glycine, the level
of endotoxin decreased, while NASH indexes significantly decreased and liver status
markedly improved,. These data support the hypothesis that glycine protects against
NASH in rats by decreasing the levels of intestinal endotoxin, alleviating endoplasmic
reticulum and oxidative stress.

INTRODUCTION prevalence, the factors that influence the transition from
fatty liver to NASH remain poorly understood, and no
currently available therapies have proven effective [6] .

The pathogenesis of NAFLD/NASH has been

Nonalcoholic fatty liver disease (NAFLD) is a
significant health issue, as it affects up to 30% of adults

and up to 10% of children in developed countries [1,
2]. NAFLD is considered one of the manifestations of
metabolic syndrome [3]. The NAFLD disease spectrum
originates from fatty deposits in the liver; 20% of the
deposits progress to develop non-alcoholic steatohepatitis
(NASH), which can ultimately result in fibrosis, cirrhosis,
liver failure, and even liver cancer [4, 5] . Despite its high

described by the classic “two-hit theory” [7]. The first hit
refers to an accumulation of fatty acids and triglycerides
within the liver. The second hit is thought to arise from
chronic stresses, such as enhanced lipid peroxidation and
increased generation of reactive oxygen species (ROS)
[8] and elevated endoplasmic reticulum stress (ERS),
the likely byproducts of exacerbated proinflammatory
responses in the fatty liver [9]. Clinical observations
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Table 1: Changes in biochemistry and inflammation in the NASH rat model.

Control 4w 12w 24w

LPS(EU/ml) 0.07+0.02 0.08+0.02 0.61+0.07% 0.70+0.19®
ALT(U/L) 25.88+2.25 69.86+9.432 259.794+26.11% 308.66+24.38®
TG (mmol/L) 0.08+0.01 0.23+0.01° 0.61+0.13* 0.55+0.07
FFA(mmol/L) 395.9422.36 471.67+£38.41° 899.48+130.11* 1266.33+243.61%¢
TG in liver(mmol/g) 0.91+0.21 1.13+£0.07¢ 1.39+0.28% 1.41+0.14®
FFA in liver(umol/L) 82.81+3.47 121.27+18.77* 225.81436.18® 248.32+28.06%
HOMA-IR 4.10+0.73 4.60+0.76 23.82+8.89% 44.47+13.68
TNFa(ng /ml) 1.10+0.09 1.18+0.07 2.01+0.21* 2.05+£0.41®
TNFa in liver(ug / L) 0.08+0.007 0.09+0.004 1.39+0.28% 1.41+0.14%®
MCP-1(ng/L) 4.90+0.58 5.32+0.63 19.33+0.9% 20.10+0.93%

Standard control group (C), 4th week group (4w), 12th week group (12w), 24th week group (24w). *P < 0.05 vs standard

control group; °P < 0.05 vs 4" week HSHF group; °P < 0.05 vs 12" week HSHF group.

and experimental studies have found that patients with
NAFLD often concomitantly present with intestinal
endotoxemia. In support, Harte et al. [10] reported that
NAFLD patients frequently have increased circulating
endotoxin levels. Studies conducted by Brun et al. [11]
have shown that elevated intestinal permeability can lead
to a greater incidence of endotoxemia in genetically obese
mice, which can cause inflammatory liver damage. Recent
studies have demonstrated that endotoxin is a potential
source of ROS and endoplasmic reticulum stress (ERS)
[12, 13] .These studies imply that inhibition of endotoxin
may be an effective treatment for NAFLD/NASH. Studies
have demonstrated that the amino acid glycine has anti-
inflammatory, cell protective, and immunomodulatory
properties. Glycine can attenuate liver injury by inhibiting
the activity of kupffer cells and the production TNFa [14],
as well as down-regulating TLR4 signaling [15]. Based
on these results, we hypothesized that glycine may protect
against liver injury by reducing endotoxin, and we set out
to determine if glycine can inhibit oxidative stress and
endoplasmic reticulum stress.

We have successfully established a reproducible
animal model of NAFLD induced by a high fat and high
sucrose (HSHF) diet along with intestinal endotoxemia
[16]. Therefore, the goal of our current work was to
determine if glycine can protect against liver injury by
decreasing the level of endotoxemia and attenuating
oxidative and endoplasmic reticulum stress.

RESULTS

Changes of biochemistry, inflammation, and
pathology in a NASH rat model

Significant differences in the ALT, TG, and FFA
levels in plasma, as well as liver homogenates, were noted
by week 4 and reached their height by week 12; these
differences continued to 24 weeks (Table 1). At 24 weeks,
plasma levels of TGs (p < 0.001) and FFAs (p < 0.001)
and liver homogenate levels of TGs (p < 0.001) and FFAs
(p < 0.001) were higher in the H (high sucrose, high fat
diet) group compared to the C (control) group (Table 1).

As shown in Table 1, serum lipopolysaccharide
(LPS), TNFa, and MCP-1 levels and liver TNFa levels
and HOMA-IR increased significantly by the 12 week
in H rats compared to C rats, and this difference persisted
up to 24 weeks. This suggests that intestinal endotoxemia
occurred by the 12" week and continued as long as 24
weeks. At the same time, chronic inflammation and insulin
resistance became apparent in H rats. Correlation analysis
showed that the level of LPS in plasma was progressively
elevated in NASH rats, which was positively related to
elevated HOMA-IR, elevated levels of ALT, TNF-a,
MCP-1 in plasma, and elevated levels of TGs, FFAs, and
TNF-a in liver homogenates (Figure 2A-2C).
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Changes in pathology, apoptosis, staining for infiltration in H rats compared to C rats from the 4% to 24

CD68*, ROS, and the expression of p-JNKI1 / week; fibrosis was gradually increased by the 24™ week as
JNK1, IKKB, GRP78, and CHOP in the livers of well (Figure 1.1A-1.1D).
NASH rats Terminal deoxynucleotidyl transferase dUTP nick

end labeling (TUNEL) of normal liver tissue showed very

little hepatocyte apoptosis. However, hepatocyte apoptosis

Haematoxylin and eosin (H&E) staining showed significantly increased at 12 weeks and continued to

gradual increases in fat degeneration, ballooning increase until 24 weeks in the H group (Figure 1.2A-1.2E).
degeneration, and lobular and periportal inflammatory cell

ig1 s in NAFLD rats
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Figure 1: Changes in pathology, apoptosis, CD68", ROS, the expression of p-JNK1 /JNK1, IKKf, GRP78, and CHOP
in NASH rats. Figl.1 Pathological changes in the liver of NASH rats. control group A., 4th week group B., 12th week group C., 24th
week group D.. Figl.2 Liver apoptosis in NASH rats. control group A., 4th week group B., 12th week group C., 24th week group D.,
statistical analysis of apoptosis E.. Figl.3 CD68" changes in the liver of NASH rats. control group A., 4th week group B., 12th week group
C., 24th week group D., statistical analysis of CD68" staining. E.. Figl.4 ROS changes in the liver of NASH rats. control group A., 4th
week group B., 12th week group C., 24th week group D., statistical analysis of CD68" staining. E.. Fig 1.5 The expression of p-JNK1 /
JNKT1, IKKB, Grp78, and CHOP in the livers of NASH rats. The protein expression of INK1, p-JNK, IKKB, Grp78, and CHOP in livers via
Western Blot A., statistical analysis of p-JNK/ JNK1expression levels in NAFLD rats B., statistical analysis of IKKB expression levels in
NAFLD rats C., statistical analysis of Grp78 expression levels in NAFLD rats D., statistical analysis of CHOP expression levels in NAFLD

3T 3IH

rats E.. Data represents means + standard error (n = 8). “*”indicates a statistically significant difference (P < 0.05).
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Normal liver tissue showed a very small number of
infiltrating CD68-positive macrophages. However, liver
tissue infiltration increased by the 12" week and peaked
by the 24" week in the H group (Figure 1.3A-1.3E). ROS
expression in the liver gradually increased from the 4™ to
the 24" week as displayed in Figure 1.4A-1.4E.

We found that a high fat and high sucrose diet
led to a significant increase in the expression ratio of
p-JNK1/JNK1 in the liver by 12 weeks (an index of JNK1
activation; p < 0.001; Figure 1.5A-1.5E), yet there was
no change in total JNK. Similarly, IKKf, GRP78, and
CHOP were also elevated in the H group by 12 weeks
(Figure 1.5A-1.5E). Correlation analysis showed that
the level of LPS in the plasma of NASH rats was also
positively related to the up-regulation of apoptosis, CD68,
ROS, P-JNK1/INK1, IKKp, GRP78, and CHOP in liver
homogenates (Figure 2A-2C).

Effect of glycine treatment on biochemistry and
systemic inflammation

To investigate the protective role of glycine in
high fat, high sucrose-induced NASH, rats were treated
with glycine concomitantly to feeding with sucrose or
water. Portal endotoxin was significantly reduced in the
H group treated with glycine (H+G group) compared to
rats only fed the HSHF diet (Figure 3). At the same time,
with the treatment of glycine, the level of inflammatory
factors, such as TNFo and MCP-1 in serum and TNFa
in the liver significantly decreased in the H+G group
(Figure 3). The content of ALT, TGs, and FFAs in serum
and TGs and FFAs in the liver was significantly reduced
in H+G rats compared to those fed an HSHF diet alone
(Figure 3). These data suggest that glycine treatment might
attenuate intestinal endotoxemia, improve liver function,
alleviate hyperlipidemia, and at least partially relieve the

A B

Effect of glycine treatment on liver pathology

To investigate liver pathology, we used H&E
staining and examined liver pathology changes under a
light microscope. There were no significant changes in
the livers of normal rats versus glycine rats (Figure 4).
However, in the HFHS group, morphologic changes were
present reflective of fatty and ballooning degeneration,
and the lobular and periportal structures exhibited
inflammatory cell infiltration (Figure 4). However, liver
injury was obviously decreased in the livers of mice
receiving glycine treatment (Figure 4).

Effect of glycine treatment on hepatocyte
apoptosis

As hepatocyte apoptosis is a signature of
nonalcoholic fatty liver disease, we investigated apoptosis
is liver samples using TUNEL. There was minimal
hepatocyte apoptosis in the C group (Figure 5). However,
a high sugar and high fat diet significantly elevated
hepatocyte apoptosis in the NASH group (Figure 5).
However, upon treatment with glycine, there were marked
decreases in the number of TUNEL-positive staining
hepatocytes when compared to the HFHS group (Figure
5.) These data suggest that glycine treatment might protect
against NASH by attenuating liver apoptosis.

Effect of glycine treatment on macrophage
infiltration

CD68 is a macrophage marker. We detected CD68
protein in liver tissue by immunohistochemistry. The
CD68 staining assay showed that expression of CD68
was up-regulated by a high fat and high sugar diet (Figure
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6). However, the expression of CD68 was significantly
down-regulated after treatment with glycine in NASH rats
(Figure 6). There were no significant differences between
the control and glycine group. These results suggest that
glycine may attenuate macrophage infiltration and the
inflammatory response.

Effect of glycine treatment on oxidative stress

Oxidative stress is one factor involved in the the
pathogenesis of NASH. Therefore, we looked for ROS
changes in the liver. In the HSHF group, the expression of
ROS was markedly increased (Figure 7). However, ROS

expression was significantly down-regulated with glycine
treatment (Figure 7). There were no significant differences
between the control and glycine group (Figure 7).
Therefore, our results demonstrate that glycine treatment
can decrease oxidative stress induced by a high fat and
high sugar diet in NASH rats.

Effect of glycine treatment on endoplasmic
reticulum stress

Endoplasmic reticulum stress (ERS) is another
factor involved in the pathogenesis of NASH. Therefore,
we examined the expression of ER stress markers. As
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Figure 4: Effect of glycine treatment on liver pathology. Standard control group (C), high fat and high sugar group (H), high fat

and high sugar + glycine group (H+G), glycine group (G).
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shown in Figure 8, the expression of ER stress-related
molecules, such as JNKI1, Grp78, IKKp, and Chop
were increased in NASH rats (Figure 8). However, the
protein expression of p-JNK1, Grp78, IKKf, and Chop
were significantly reduced by glycine treatment (Figure
8). There were no obvious changes between the control
and glycine group (Figure 8). These results suggest that
glycine can attenuate the ER stress in NASH rats.
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DISCUSSION

It has been reported that the development of NASH
is accompanied by increased LPS plasma levels [10, 17],
which possibly occur through mechanisms involving
increased intestinal permeability, small intestinal bacterial
overgrowth (SIBO), tight junction alteration, and bacterial
translocation [18-23]. We previously set up an animal
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Figure 8: Effect of glycine treatment on endoplasmic reticulum stress. Standard control group (C), high fat and high sugar
group (H), high fat and high sugar + glycine group (H+G), glycine group (G). “*”indicates a statistically significant difference (P < 0.05).

Data represents mean + standard error (n= 8).
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model of metabolic syndrome with NAFLD and type two
diabetes mellitus (T2DM), in which intestinal endotoxemia
occurs spontaneously [16]. Increasing numbers of studies
have demonstrated that endotoxin is a potential inducer
of ROS and ERS [24, 25]. In the liver, LPS can bind
receptors (e.g.CD14/TLR-4) that activate the NF-KB
pathway by de-repressing/activating IKK[, which in turn
increases NADPH oxidase activity by stimulating Kuppfer
cell infiltration in the liver [26]; this results in the release
of large amounts of ROS. Concomitantly, LPS levels may
increase the level of circulating free fatty acids (FFAs)
via the lipolysis of adipocytes [27]. When FFA levels are
severely elevated in the liver, FFAs may be converted to

triglycerides and accumulated in liver cells [28], which
may significantly enhance the catalyticase activity of the
lipid peroxidases CYP2E1 and CYP4A. The induction of
the latter plays an important role in both FFA microsome
w-oxidation and peroxisome p-oxidation, which may
produce an excessive amount of ROS metabolites [24].
The endoplasmic reticulum (ER) is an important
organelle, which is a reservoir for calcium ions in
eukaryotic cells; it is also a key location where protein
synthesis, processing, and folding occur [29]. It has been
confirmed that endotoxin is an important ER stressor
[25]. In addition, ER stress may be indirectly induced by
accumulating oxidative stress-associated molecules [30].
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Now, ER stress may be considered as the inflammatory
basis of metabolic disease [31]. ER stress can activate a
variety of inflammatory pathways, such as the JNK and
IKKP pathway. The interaction of these pathways induces
expression of inflammatory cytokines. IR, which is a
byproduct of ER stress, is mainly produced via activation
of IRElo-mediated JNK [32]. Furthermore, endoplasmic
reticulum stress can lead to liver cell apoptosis through
INK, caspase, and the CHOP apoptosis pathway. These
results show that oxidative stress and endoplasmic
reticulum stress are the basis of the inflammation,
insulin resistance, and apoptosis that occurs during the
development of NASH [33-35]. Correlation analysis
showed that increased endotoxin levels were positively
correlated to the enhanced content of ALT, TG, FFA,
TNF-a, MCP-1, and HOMA-IR in plasma and TG, FFA,
TNF-a, ROS, apoptosis, CD68, p-JINK1/INK1, IKK},
GRP78, and CHOP in the liver. These findings suggest
that increases in LPS levels are correlated with the
changes that occur in NASH rats, such as inflammatory
cell recruitment, hepatocyte apoptosis, oxidative stress,
and endoplasmic reticulum stress.

Glycine is one of the nonessential amino acids
and is the simplest amino acid. Many research studies
have reported that glycine has antagonistic effects on
endotoxin. Yang et al. found that elevated levels of TNFa
in plasma can be effectively inhibited by intravenous
injection of glycine during the early stages of sepsis
[36]. Ikejima et al. showed that 5% glycine in the diet
of rats can inhibit elevated TNFa and ALT and decrease
hepatic necrosis in rat models of endotoxin shock [37].
In a complex factor-induced liver fibrosis rat model, Liu
et al. found that glycine can reduce endotoxin levels and
delay the occurrence and development of cirrhosis [38].
Han et al. confirmed that glycine can reduce endotoxin
and liver damage through the following mechanisms: 1)
glycine can reduce intestinal permeability and reduce the
absorption of endotoxin, 2) glycine is capable of binding
the lipid A portion of endotoxin and reducing endotoxin
activity, and 3) glycine can decrease the expression of
lipopolysaccharide binding protein (LBP) and CD14
mRNA, thereby reducing the excessive activation of KC
(murine homology of IL-8). In addition, glycine has been
reported to inhibit hepatocyte apoptosis [39] and reduce
oxidative stress [40].

In the present study, our experiment confirmed that
glycine can reduce plasma endotoxin levels, while ROS
content, endoplasmic reticulum stress-related protein
levels, and liver lesions improved after glycine treatment.
Therefore, we believe that intestinal endotoxemia is
involved in the pathogenesis of diet-induced NAFLD,
and glycine protects against liver injury by reducing the
levels of endotoxin to inhibit oxidative stress and attenuate
endoplasmic reticulum stress.

However, there are several questions remaining.
For example, can glycine lower the absorption of the

gastrointestinal tract? Can glycine impact LPS when
combined with LBP? Moreover, our findings need to be
extended to human patients, as this work was conducted
in an animal model. Therefore, we need to determine the
effects of oral glycine supplement in patients with NASH.
Our future work will focus on these questions and provide
the basis for future clinical treatment.

MATERIALS AND METHODS

Animals and treatments

Fourty-eight male Sprague-Dawley rats weighing
200-250 g were obtained from the Animal Center of
Shanxi Medical University. The experimental animals
were randomly divided into four groups (C, H, H+G, and
G group). The C group (control group, n = 8) received
regular diet and tap water; the H group (high sucrose and
high fat group, n = 24) received high sucrose and high
fat diet (HSHF; 52% of calories from carbohydrates, 25%
from fat, and 10% from protein); the H+G group (high
sucrose and high fat + glycine, n = 8) received the HSHF
diet and 3.5 g/kg of glycine per day, while the G group
(glycine, n = 8) received 3.5 g/kg of glycine per day and
a regular diet [41]. The H group was divided into the
following groups (n = 8 per group): 4, 12, and 24 weeks.
Animals and the rodent diet (standard rodent diet) were
obtained from the Research Animal Center of Shanxi
Medical University. The animals were housed under
standard laboratory conditions, maintained on a 12 h light
and dark cycle and had unrestricted access to food and
water. The experimental protocols were approved by the
Shanxi Animal Research Ethics committee.

Rats were sacrificed at 4, 12, and 24 weeks
accordingly. The blood and liver tissues of rats were
sampled at the time of sacrifice (4, 12, or 24 weeks) and
were stored at -80°C until processing.

Measurements of serum endotoxin levels in the
abdominal aorta

In anesthetized animals, sterile operation and blood
samples were collected from the abdominal aorta and
centrifuged at 1000g for 10 min. The levels of endotoxin
in the collected plasma were determined using a Limulus
amebocyte lysate regent kit (Clinical Sciences Inc, Xiamen
China) according to the manufacturer’s instructions (UV-
2102C, Shanghai).
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Measurement of TNF-o, MCP-1, alanine
transferase, TGs, FFAs in plasma, and TNF-q,
TG, and FFAs in liver homogenates

The amount of TNF-a (Tumor necrosis Factor-a,
TNF-o radioimmunoassay kit, Radioimmunity Institute
of PLA General Hospital, Beijing China), MCP-
1(Monocyte chemoattract NT Protein-1, MCP-1 ELISA
Kit, Hysen Bear Technology limited company,Shanghai
China), ALT (alanine transferase kit, Nanjing Jiancheng
Bioengineering Institue,Nanjing China), TGs (Triglyceride
kit, Nanjing Jiancheng Bioengineering Institue,Nanjing
China) and FFAs (free fatty acid kit, Nanjing Jiancheng
Bioengineering Institue,Nanjing China) in the plasma and
the amount of TNF-0, TGs, and FFAs in the liver were
measured following the manufacturer’s instructions.

Radioimmunoassay for insulin and HOMA-IR

Plasma insulin concentrations were determined
using an insulin RIA kit (Poor Albert Biotechnology
Technology Coporation, Beijing China). The HOMA-
IR (homeostasis model assessment of insulin resistance)
index reflects the degree of insulin resistance and was
calculated as fasting serum glucose times fasting serum
insulin over a factor of 22.5 [42] .

Liver histology

Liver samples were fixed in 10% formalin,
embedded in paraffin wax, cut into 4 pum thick sections,
and stained with hematoxylin and eosin (HE, Hematoxylin
and eosin staining kit, Junruishengwu Technnology
Corporation, Shanghai China). Frozen sections of liver
were sliced and stained with Sudan IV(Sudan IV fat
staining kit, Junruishengwu Technnology). To estimate
the relative inflammation, steatosis, and fibrosis of the
liver, hepatic sections were studied under light microscopy
(Olympus BX51 microscope).

Immunohistochemistry

Paraffin-embedded sections were stained with
CD68 protein adducts using a polyclonal antibody
(1:100 dilution; Zhong Shan-Golden Bridge Biological
Technology Co. Beijing, China) to observe quantitative
expression levels of CD68.

The specimens were analyzed using a computerized
image analysis system (IPP6.0 software, Media
Cybernetics Inc., USA). Two independent observers
were blinded to treatment groups when analyzing CD68
staining. The cells where the cytoplasm stained brown,
as observed under an optical microscope, were defined
as positive cells. The hepatocytes and macrophages were

calculated from 8-10 fields, and the percent of positive
cells was calculated as followed: number of CD68 positive
cells / number of total hepatocytes counted. (at 400X)

Terminal deoxynucleotidyl transferase-mediated
dUTP nicked end labeling (TUNEL) assay

For in situ detection of apoptosis in the liver,
parraffin wax sections were dewaxed to water and washed
in 0.01 M PBS (pH 7) twice for 5 min, flooded with 3%
hydrogen peroxide for 20 minutes, and finally washed with
PBS twice for 5 min and dried. Fifty pl of reaction solution
(TUNEL kits, Roche Diagnostics GmbH, Germany)
was added to each sample, which was then incubated at
37°C for 60 min in the dark under humid conditions. The
samples were then washed twice for 5 min in PBS. Fifty pl
Converter-POD (TUNEL kits, Roche Diagnostics GmbH,
Germany) was added to each sample, which was incubated
at 37°C for 30 min and washed twice in PBS and stained
with DAB Horseradish Peroxidase (DAB Horseradish
Peroxidase Color Development Kit, Beyotime Institute
of Biotechnology, Shanghai China). Finally, the samples
were hematoxylin stained and underwent conventional
dehydration and were transparently mounted with
glycerol. In the subsequent images, nuclear staining was
considered positive. The specimens were analyzed using
a computerized image analysis system (IPP6.0 software,
Media Cybernetics Inc, USA), and the percent of positive
cells was calculated as followed: number of TUNEL
positive cells / number of total hepatocytes counted. (at
400X)

ROS levels in liver

Frozen livers were allowed to obtain an equilibrium
temperature of -20°C and then frozen blocks were OTC
embedded. Five um serial sections were prepared.
Sections were stained with dihydroethidium (DHE; 1:1000
dilution, Sigma-Aldrich, St. Louis, MO), incubated for
15 min at room temperature in the dark, and washed 3
times with phosphate-buffered saline (PBS). Sections were
mounted in 50% glycerol, and ROS levels in the liver were
observed under a fluorescence microscope. To determine
means, data were recorded as the number of ROS-positive
cells per field (at 400X) in each tissue section.

Western blot analysis

Total JNK1, p-JNKI1, IKKB, Grp78, and CHOP
were assessed by Western blot. Aliquots of frozen liver
homogenates were further extracted in phosphate-
buffered saline containing of 1% NP-40, 0.5% sodium
deoxycholate, 0.1% SDS, 0.1 mM EDTA, 50 mM
NaF, and 2 mM Na VPO, (NaF and Na,VPO, only for
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phosphorylation protein) and lysed by 30 min incubation
on ice. Chemicals came from Nanjingjiancheng
Biotechnology, Nanjing China. The lysate was centrifuged
at 15,000 rpm for 10 min. Forty pg of protein was
loaded in each lane and separated on a 7.5% sodium
dodecyl sulfate polyacrylamide gel (SDS-PAGE) and
then transferred to a polyvinylidene difluoride (PVDF)
membrane. Blots were blocked for 3 h at room temperature
with 5% (w/v) non-fat dried milk. After washing 3 times
with TBST (Tris 50mmol/L, NaCl 100 M mmol/L, pH
7.4), the membrane was incubated at 4°C overnight with
specific antibodies. Rabbit polyclonal antibodies against
JNKT (1:1000 dilution; Cell Signaling Technology Inc.
Danvers, USA), p-JNK1 (1:750 dilution; Cell Signaling
Technology Inc. Danvers, USA), IKK (1:1000 dilution,
Cell Signaling Technology), Grp78 (1:1000 dilution;
Cell Signaling Technology), and CHOP (1:500 dilution;
Santa Cruz Biothechnology Inc. CA, USA) were used
in the study. The immunoblots were then incubated
with the corresponding peroxidase-conjugated goat anti-
rabbit secondary antibodies (1:2000 dilution; Zhong
Shan-Golden Bridge Biological Technology). The bands
were detected with enhanced chemiluminescence. The
intensities of the protein bands were analyzed by Quantity
One software (Bio-Rad Laboratories, Inc. Hercules, USA).

Statistics

All values are displayed as mean =+ standard error,
and statistical analyses were performed by SPSS13.0
system (Statistical Product and Service Solutions, USA).
The Spearman correlation coefficient was calculated
to assess the relationship between the levels of plasma
endotoxin and ALT, TG, FFA, TNF , MCP-1, HOMA-IR,
ROS, apoptosis, CD68, p-INK/JNK, IKKp, Grp78, and
CHOP. Other data were analyzed by one-way analysis of
variance (ANOVA). The statistical significance level was
setat P <0.05.

ACKNOWLEDGMENTS

The authors would like to thank the Duoease
Scientific Service Center for excellent language editing
service and suggestions for figure revision.

CONFLICTS OF INTERSET

The authors declare no conflict of interest.

GRANT SUPPORT

The authors gratefully acknowledge the financial
support by the Doctoral Start up Research Fund of Shanxi
Medical University (No.B03201203), the Youth Science
and Technology Research Fund, Basic research projects in

Shanxi (No. 2014021040-3), Scientific and Technological
Innovation Programs of Higher Education (No. 2013121),
and Shanxi Province Natural and Science Foundation (No.
2014011046-3).

REFERENCES

1. Organization WH. (2012). Obesity and Overweight Fact
Sheet No.311. (Geneva: World Health Organization).

Cohen JC, Horton JD, Hobbs HH. Human fatty liver
disease: old questions and new insights. Science. 2011; 332:
1519-23. doi: 10.1126/science.1204265.

3. Tarantino G, Saldalamacchia G, Conca P, Arena A. Non-
alcoholic fatty liver disease: further expression of the
metabolic syndrome. J Gastroenterol Hepatol. 2007; 22:
293-303. doi: 10.1111/j.1440-1746.2007.04824.x.

Smith BW, Adams LA. Non-alcoholic fatty liver
disease. Crit Rev Clin Lab Sci. 2011; 48: 97-113. doi:
10.3109/10408363.2011.596521.

5. Argo CK, Northup PG, Al-Osaimi AM, Caldwell SH.
Systematic review of risk factors for fibrosis progression in
non-alcoholic steatohepatitis. J Hepatol. 2009; 51: 371-9.
doi: 10.1016/j.jhep.2009.03.019.

6. Henao-Mejia J, Elinav E, Jin C, Hao L, Mehal WZ, Strowig
T, Thaiss CA, Kau AL, Eisenbarth SC, Jurczak MJ,
Camporez JP, Shulman GI, Gordon JI, et al. Inflammasome-
mediated dysbiosis regulates progression of NAFLD
and obesity. Nature. 2012; 482: 179-85. doi: 10.1038/
nature10809.

7. Day CP, James OF. Steatohepatitis: a tale of two “hits”?
Gastroenterology. 1998; 114: 842-5.

8. Sanyal AJ, Campbell-Sargent C, Mirshahi F, Rizzo
WB, Contos MJ, Sterling RK, Luketic VA, Shiffman
ML, Clore JN. Nonalcoholic steatohepatitis: association
of insulin resistance and mitochondrial abnormalities.
Gastroenterology. 2001; 120: 1183-92. doi: 10.1053/
gast.2001.23256.

Zhang XQ, Xu CF, Yu CH, Chen WX, Li YM. Role of
endoplasmic reticulum stress in the pathogenesis of
nonalcoholic fatty liver disease. World J Gastroenterol.
2014; 20: 1768-76. doi: 10.3748/wjg.v20.i7.1768.

Harte AL, da Silva NF, Creely SJ, McGee KC, Billyard
T, Youssef-Elabd EM, Tripathi G, Ashour E, Abdalla MS,
Sharada HM, Amin Al, Burt AD, Kumar S, et al. Elevated
endotoxin levels in non-alcoholic fatty liver disease. J
Inflamm (Lond). 2010; 7: 15. doi: 10.1186/1476-9255-7-15.

Brun P, Castagliuolo I, Di Leo V, Buda A, Pinzani M, Palu
G, Martines D. Increased intestinal permeability in obese
mice: new evidence in the pathogenesis of nonalcoholic
steatohepatitis. Am J Physiol Gastrointest Liver Physiol.
2007; 292: G518-25. doi: 10.1152/ajpgi.00024.2006.

Kadiiska MB, Peddada S, Herbert RA, Basu S, Hensley K,
Jones DP, Hatch GE, Mason RP. Biomarkers of oxidative
stress study VI. Endogenous plasma antioxidants fail as

10.

11.

12.

www.impactjournals.com/oncotarget

80235

Oncotarget



13.

14.

15.

16.

17.

19.

20.

21.

22.

23.

useful biomarkers of endotoxin-induced oxidative stress.
Free Radic Biol Med. 2015; 81: 100-6. doi: 10.1016/].
freeradbiomed.2015.01.006.

Coope A, Milanski M, Arruda AP, Ignacio-Souza LM,
Saad MJ, Anhe GF, Velloso LA. Chaperone insufficiency
links TLR4 protein signaling to endoplasmic reticulum
stress. J Biol Chem. 2012; 287: 15580-9. doi: 10.1074/jbc.
MI111.315218.

Ishizaki-Koizumi S, Sonaka I, Takei Y, Ikejima K, Sato
N. The glycine analogue, aminomethanesulfonic acid,
inhibits LPS-induced production of TNF-alpha in isolated
rat Kupffer cells and exerts hepatoprotective effects in mice.
Biochem Biophys Res Commun. 2004; 322: 514-9. doi:
10.1016/j.bbrc.2004.07.147.

Xu FL, You HB, Li XH, Chen XF, Liu ZJ, Gong JP.
Glycine attenuates endotoxin-induced liver injury by
downregulating TLR4 signaling in Kupffer cells. Am J Surg.
2008; 196: 139-48. doi: 10.1016/j.amjsurg.2007.09.045.
Zhou X, Han D, Xu R, Li S, Wu H, Qu C, Wang F, Wang
X, Zhao Y. A model of metabolic syndrome and related
diseases with intestinal endotoxemia in rats fed a high fat
and high sucrose diet. PLoS One. 2014; 9: e115148. doi:
10.1371/journal.pone.0115148.

Verdam FJ, Rensen SS, Driessen A, Greve JW, Buurman
WA. Novel evidence for chronic exposure to endotoxin in
human nonalcoholic steatohepatitis. J Clin Gastroenterol.
2011; 45: 149-52. doi: 10.1097/MCG.0b013e3181e12c24.

Sabate JM, Jouet P, Harnois F, Mechler C, Msika S, Grossin
M, Coffin B. High prevalence of small intestinal bacterial
overgrowth in patients with morbid obesity: a contributor to
severe hepatic steatosis. Obes Surg. 2008; 18: 371-7. doi:
10.1007/s11695-007-9398-2.

Miele L, Valenza V, La Torre G, Montalto M, Cammarota
G, Ricci R, Masciana R, Forgione A, Gabrieli ML, Perotti
G, Vecchio FM, Rapaccini G, Gasbarrini G, et al. Increased
intestinal permeability and tight junction alterations in
nonalcoholic fatty liver disease. Hepatology. 2009; 49:
1877-87. doi: 10.1002/hep.22848.

Lichtman SN, Keku J, Schwab JH, Sartor RB. Hepatic
injury associated with small bowel bacterial overgrowth
in rats is prevented by metronidazole and tetracycline.
Gastroenterology. 1991; 100: 513-9.

Wigg AJ, Roberts-Thomson IC, Dymock RB, McCarthy
PJ, Grose RH, Cummins AG. The role of small intestinal
bacterial overgrowth, intestinal permeability, endotoxaemia,
and tumour necrosis factor alpha in the pathogenesis of non-
alcoholic steatohepatitis. Gut. 2001; 48: 206-11.

Shanab AA, Scully P, Crosbie O, Buckley M, O’Mahony
L, Shanahan F, Gazareen S, Murphy E, Quigley EM.
Small intestinal bacterial overgrowth in nonalcoholic
steatohepatitis: association with toll-like receptor 4
expression and plasma levels of interleukin 8. Dig Dis Sci.
2011; 56: 1524-34. doi: 10.1007/s10620-010-1447-3.

Arslan N. Obesity, fatty liver disease and intestinal

24.

25.

26.

217.

28.

29.

30.

31.

32.

33.

34.

35.

36.

microbiota. World J Gastroenterol. 2014; 20: 16452-63. doi:
10.3748/wjg.v20.i144.16452.

Cubero FJ, Trautwein C, 2011. 5(4): p. 427-435. (2011).
Oxidative Stress and Liver Injury. Molecular Pathology of
Liver Diseases, pp. 427-35.

Alhusaini S, McGee K, Schisano B, Harte A, McTernan P,
Kumar S, Tripathi G. Lipopolysaccharide, high glucose and
saturated fatty acids induce endoplasmic reticulum stress
in cultured primary human adipocytes: Salicylate alleviates
this stress. Biochem Biophys Res Commun. 2010; 397:
472-8. doi: 10.1016/j.bbrc.2010.05.138.

Wheeler MD. Endotoxin and Kupffer cell activation in
alcoholic liver disease. Alcohol Res Health. 2003; 27: 300-
6. doi:

Zu L, He J, Jiang H, Xu C, Pu S, Xu G. Bacterial endotoxin
stimulates adipose lipolysis via toll-like receptor 4 and
extracellular signal-regulated kinase pathway. J Biol Chem.
2009; 284: 5915-26. doi: 10.1074/jbc.M807852200.

Mitsuyoshi H, Itoh Y, Okanoue T. [Role of oxidative stress
in non-alcoholic steatohepatitis]. Nihon Rinsho. 2006; 64:
1077-82. doi:

Schroder M. Endoplasmic reticulum stress responses. Cell
Mol Life Sci. 2008; 65: 862-94. doi: 10.1007/s00018-007-
7383-5.

Hiramatsu N, Kasai A, Hayakawa K, Yao J, Kitamura M.
Real-time detection and continuous monitoring of ER stress
in vitro and in vivo by ES-TRAP: evidence for systemic,
transient ER stress during endotoxemia. Nucleic Acids Res.
2006; 34: €93. doi: 10.1093/nar/gkl515.

Hotamisligil GS. Endoplasmic reticulum stress and the
inflammatory basis of metabolic disease. Cell. 2010; 140:
900-17. doi: 10.1016/j.cell.2010.02.034.

Schroder M, Sutcliffe L. Consequences of stress in the
secretory pathway: The ER stress response and its role in
the metabolic syndrome. Methods Mol Biol. 2010; 648: 43-
62. doi: 10.1007/978-1-60761-756-3 3.

Itsumi M, Inoue S, Elia AJ, Murakami K, Sasaki M,
Lind EF, Brenner D, Harris IS, Chio, II, Afzal S, Cairns
RA, Cescon DW, Elford AR, et al. Idhl protects murine
hepatocytes from endotoxin-induced oxidative stress by
regulating the intracellular NADP(+)/NADPH ratio. Cell
Death Differ. 2015; 22: 1837-45. doi: 10.1038/cdd.2015.38.

Lebeaupin C, Proics E, de Bieville CH, Rousseau D,
Bonnafous S, Patouraux S, Adam G, Lavallard VJ, Rovere
C, Le Thuc O, Saint-Paul MC, Anty R, Schneck AS, et al.
ER stress induces NLRP3 inflammasome activation and
hepatocyte death. Cell Death Dis. 2015; 6: e1879. doi:
10.1038/cddis.2015.2438.

Kim HJ, Jeong JS, Kim SR, Park SY, Chae HJ, Lee YC.
Inhibition of endoplasmic reticulum stress alleviates
lipopolysaccharide-induced lung inflammation through
modulation of NF-kappaB/HIF-1alpha signaling pathway.
Sci Rep. 2013; 3: 1142. doi: 10.1038/srep01142.

Yang S, Koo DJ, Chaudry IH, Wang P. Glycine attenuates

WWW

.impactjournals.com/oncotarget

80236

Oncotarget



37.

38.

39.

40.

hepatocellular depression during early sepsis and reduces
sepsis-induced mortality. Crit Care Med. 2001; 29: 1201-6.
doi:

Ikejima K, limuro Y, Forman DT, Thurman RG. A diet
containing glycine improves survival in endotoxin shock in
the rat. Am J Physiol. 1996; 271: G97-103.

Liu J, Han D, Xu R, Zhao Y. [Effect of glycine on the
expression of CD(14) gene and protein of hepatic tissue in
the course of developing cirrhosis of rats]. Zhonghua Gan
Zang Bing Za Zhi. 2002; 10: 181-4.

Pal PB, Pal S, Das J, Sil PC. Modulation of mercury-
induced mitochondria-dependent apoptosis by glycine
in hepatocytes. Amino Acids. 2012; 42: 1669-83. doi:
10.1007/s00726-011-0869-3.

Ruiz-Ramirez A, Ortiz-Balderas E, Cardozo-Saldana G,
Diaz-Diaz E, El-Hafidi M. Glycine restores glutathione
and protects against oxidative stress in vascular tissue from
sucrose-fed rats. Clin Sci (Lond). 2014; 126: 19-29. doi:
10.1042/CS20130164.

41.

42.

El Hafidi M, Perez I, Zamora J, Soto V, Carvajal-Sandoval
G, Banos G. Glycine intake decreases plasma free fatty
acids, adipose cell size, and blood pressure in sucrose-fed
rats. Am J Physiol Regul Integr Comp Physiol. 2004; 287:
R1387-93. doi: 10.1152/ajpregu.00159.2004.

Hsieh PS. Inflammatory change of fatty liver induced
by
deteriorates pancreatic insulin secretion in fructose-induced
insulin-resistant rats. Liver Int. 2008; 28: 1167-75. doi:
10.1111/5.1478-3231.2008.01714.x.

intraportal low-dose lipopolysaccharide infusion

www.impactjournals.com/oncotarget

80237

Oncotarget



